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APPROVED: 


A  STUDY  OF  THE  METHODS  EIvIPLOYED  IN  COAL  ANALYSIS. 

Previous  to  1898,  the  methods  for  making  the  "Proximate 
Analysis"  of  coal  varied  greatly.  Every  analy^/st,  who  had 
occasion  to  make  an  analysis,  used  a  method  of  his  own.  It  is 
not  strange  then,  that  the  results  obtained  did  not  agree.  In 
order  to  secure  better  agreement,  it  was  necessary  to  have  a 
common  method  of  proce^'dure,  and  in  order  to  decide  on  such 
a  method  and  give  it  Official  sanction,  the  matter  was  taken 
up  by  the  American  Chemical  Society.  At  the  Cleveland  meeting 
therefore,  in  1898,  a  committee  composed  of  W.  P.  Hillebrand, 
C.  B.  Dudley  and  W.  A.  Noyes  was  appointed, ( 1 )  to  consider 
the  methods  of  "Proximate  Analysis  of  Coal  V  with  the  view  to 
the  adoption,  if  possible,  of  uniform  methods  for  this  country. 

The  methods  found  in  this  committee's  report  (2)  have 
become  known  as  the  Official  Methods.  Their  suggestions  for 
the  sampling  of  coal  are  those,  in  the  main,  which  are  used 
in  ore  sampling. 

The  Official  Method  for  the  determination  of  Moisture  is 
as  follows;  Dry  a  one  gram  sample  of  the  coal  in  an  open 
porcelain  or  platinum  crucible  at  104-10?°  for  an  hour,  best 
in  a  double -V7al led  bath  containing  toluene.  Cool  in  a 
desiccator  and  vreigh  covered. 

With  coals  high  in  moisture,  and  in  all  cases  where 
accuracy  is  desired,  determinations  must  be  made  both  with 
the  coarsely  ground  and  with  the  powdered  coal.  UTien,  as  will 
usually  be  the  case,  more  moisture  is  found  in  the  coarsely 
ground  than  in  the  powdered  coal,  a  correction  must  be 
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applied  to  all  determinations  made  with  the  latter. 

The  toluene  bath  is  recommended  for  convenience,  hut  any- 
other  bath  at  the  proper  temperature  will  ansv/er  the  purpose 
equally  well.  In  all  cases  the  coal  gained  in  weight, 
probably  from  oxidation,  after  one  hour's  heating,  so  that 
longer  heating  is  not  only  unnecessary,  but  undesirable,  A 
higher  temperature  appears  also  to  be  undesirable. 

For  extremely  accurate  work  they  advise  the  process  of 
allowing  the  coal  to  stand  in  a  vacuum  desiccator  for 
twenty  four  hours.  They  claim  a  more  nearly  accurate  amount 
of  moisture  is  obtained.  For  ordinary  commercial  work, 
however,  the  oven  method  is  most  practical.  With  the  chance 
for  loss  of  moisture  in  sampling  and  transportation,  that 
method  is  accurate  enough. 

The  Official  Method  for  the  determination  of  the  Volatile 
Matter  is  as  follows:  Place  one  gram  of  fresh,  undried,  powd- 
ered coal  in  a  platinum  crucible,  weighing  twenty  or  thirty 
grams  and  having  a  tightly  fitting  cover.  Heat  over  the  full 
flame  of  a  Bunsen  burner  for  seven  minutes.  The  crucible 
should  be  supported  on  a  platinum  triangle  with  the  bottom 
six  or  eight  centimeters  above  the  top  of  the  burner.  The 
flame  should  be  fully  twenty  centimeters  high  when  burning 
free,  and  the  determination  should  be  made  in  a  place  free 
from  draughts.  The  upper  surface  of  the  cover  should  burn 
clear,  but  the  under  surface  should  remain  covered  with 
carbon.  To  find  the  "Volatile  Combustible  Matter",  substract 
the  per  cent  of  moisture  from  the  loss  found  here. 

The  method  differs  from  that  of  Muck  (3)  in  placing  the 
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crucilDle  six  to  eight  centimeters  above  the  top  of  the 
burner,  rather  than  three  centimeters,  and  in  continuing 
the  heating  for  a  definite  length  of  time.  The  flame  is 
much  hotter  at  six  to  eight  centimeters  above  the  top  of 
the  burner  than  at  three  centimeters,  and,  if  the  full  flame 
is  used,  as  is  directed,  the  crucible  will  be  sufficiently 
covered  by  it.  The  time  limit  corresponds  nearly  to  the 
present  practice  in  America,  and  is  likely  to  give  more 
concordant  results  than  Muck's  (3)  direction  to  stop  heating 
with  the  disappearance  of  flame  at  the  edge  of  the  lid  of 
the  crucible.  The  time  limit  is  that  proposed  by  Hinrich, (4) 
but  the  use  of  the  blast  is  ommitted. 

The  term  "Volatile  Combustible  Matter"  does  not  represent 
any  definite  compound  or  class  of  compounds  which  exist 
In  the  coal  before  heating,  Mr,  Austin's  (5)  restilts 
demonstrate  that  some  of  the  carbon  which  escapes  in  the 
form  of  volatile  compounds  on  rapid  heating,  is  separated 
in  the  free  state  and  remains  as  "Fixed  Carbon",  when  the 
first  heat  is  applied  slowly.  It  is  well  known,  too,  that 
many  of  the  compounds  contained  in  the  gas  and  tar  formed 
by  heating  bituminous  coals  are  decomposed  by  heat  with  the 
formation  of  free  carbon.  The  "Fixed  Carbon"  retains  a 
considerable  amount  of  hydrogen,  which  is  progressively 
expelled  by  heating  to  higher  and  higher  temperatures,  until, 
it  all  escapes  and  the  carbon  remains  crystallized  in  the 
■form  of  graphite  at  the  temperature  of  the  electric  arc. 
It  follows,  therefore,  that,  the  determination  must  be  an 
arbitrary  one. 
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In  their  report,  the  Committee  say  that  the  two  consider- 
ations, v/hich  should  have  the  greatest  weight  in  the  selection 
of  a  method,  appear  to  be,  that  the  methods  chosen  should, 
if  possible,  give  results  which  approximate  closely  to  those 
obtained  in  the  commercial  manufacture  of  coke  from  the  same 
coals,  and  that  the  method  should  be  one  which  can  be 
accurately  described,  so  that  different  operators  will  secure 
concordant  results  with  the  same  coal. 

It  is  apparent  that  the  last  consideration  is  important, 
but  the  first  consideration  is  not.  Illinois  coals,  and  coals 
of  a  like  nature,  are  not  coked  as  yet,  so  the  amount  of 
volatile  matter  obtained  in  the  commercial  manufacture  of 
coke  rith  these  coals  is  not  known.  It  would  be  better  to 
have  a  method  which  gives  results  that  approximate  closely 
to  the  true  value  of  the  Volatile  Matter. 

The  Official  Method  for  the  determination  of  the  Ash  is  as 
follovrs:  Burn  the  portion  of  powdered  coal, used  for  the 
determination  of  moisture,  at  first  over  a  small  flame,  with 
the  crucible  open  and  inclined,  till  free  from  carbon. 
If  properly  treated  this  example  can  be  burned  more  quickly 
than  the  dense  carbon  left  from  the  determination  of  the 
Volatile  Matter,  It  is  advi stable  to  examine  the  ash  for 
carbon  by  moistening  with  alcohol. 

When  the  sulphur  in  the  coal  is  in  the  form  of  pyrites, 
that  compound  is  converted  almost  entirely  into  ferric  oxide 
in  the  determination  of  the  ash,  and,  since  three  atoms  of 
oxygen  replace  four  atoms  of  sulphur,  the  weight  of  the  ash 
is  less  than  the  weight  of  the  mineral  matter  in  the  coal 
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"by  five  eights  of  the  weight  of  the  sulphur.  While  the  error 
from  this  source  is  sometimes  considerable,  the  committee 
does  not  recommend  such  a  correction  for  "proximate  analysis". 
V/hen  analyses  are  to  be  used  as  a  basis  for  calculating  the 
heating  effect  of  the  coal  a  correction  should  be  made. 

The  Fixed  Carbon  is  found  as  follows:  By  substracting 
the  percent  of  ash  from  the  percent  of  coke  as  found  from 
the  Volatile  Matter  determination. 

The  EsBhka  Method  is  recommended  for  the  determination 
of  the  sulphur. 

The  Official  Method  for  the  determination  of  the  Volatile 
Matter  does  not  give  good  results  with  coke  and  anthracite 
coal,  Meade  and  Attix  (6)  published  an    article,  in  which 
they  outline  a  method  for  the  analysis  of  coke  and  anthracite 
coal.  Their  method  consists  in  heating  samples  of  coke  in 
nitrogen,  determining  the  loss,  and  calling  such  loss 
"Volatile  Combustible  Matter",  after  substracting  the  moisture 
driven  off  by  one  hours  heating  at  110  degrees. 

The  method  of  proce^dure  consisted  in  weighing  samples 
of  from  three  to  four  grams  of  coke  into  a  small  platinum 
dish,  placing  this  in  the  crucible  of  the  carbon  apparatus  of 
Dr,  Porter  W.  Shimer  (7)  and  passing  a  slow  current  of 
nitrogen  through  the  apparatus  until  the  air  has  been 
driven  out.  The  nitrogen  used  was  prepared  by  heating 
together,  saturated  solutions  of  potassium  nitrate  and 
ammonium  chloride.  The  gas  was  kept  in  glass  gas-holders, 
and  freed  from  oxygen  by  passing  through  cuprous  chloride 
dissolved  in  hydrochloric  acid. The  gas  v/as  dried  just  before 
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■using  by  passing  throu.gh  Calcium  chloride  tubes  placed  in 
front  of  the  crucible.  The  exit  tube  from  the  crucible 
dipped  into  strong  Sulphuric  acid,  keeping  any  moisture  or 
air  from  getting  back  into  the  crucible.  After  passing 
through  the  crucible  for  half  an  hour,  the  current  of  nitrogen 
was  slackened,  a  lo7/  flame  placed  under  the  crucible,  the 
watercooling  apparatus  started  and  the  heat  carefully  raised. 
After  heating  the  coke  for  a  few  minutes  over  the  full 
Bunsen  flame,  the  blast  lamp  was  made  to  replace  the  latter 
and  a  high  temperature  maintained  for  ten  or  fifteen  minutes. 
The  sample  was  cooled  in  the  current  of  nitrogen,  removed 
and  weighed.  Heating  in  hydrogen  was  also  tried  and  gave 
practically  the  same  results. 

The  authors  used  this  method  to  standardize  their 
samples  and  then  compared  other  methods  by  it. 
The  first  method  that  they  tried  was  the  common  one  of 
heating  one  gram  of  coal  for  three  and  one  half  minutes 
over  the  Bunsen  burner  and  then  for  three  and  one  half 
minutes  over  the  blast  lamp. 

Diffe-rent  operators  get  widely  varying  results  as  these 
determinations  will  show. 

Operator       ^  Vol.  I>^atter.    True  ^  Vol.  Matter. 

A  3.01  0.61 

B  2.51  C.61 

C  0.61 

D  ?.J^5  0.61 

This  variation  is  due  to  the  size  of  the  crucible,  the 

tightness  of  the  joint  between  the  crucible  and  lid,  the 

height  at  which  the  crucible  is  placed  above  the  flame  and 
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the  size  of  both  the  Bumsen  burner  and  blast  lamp  flames, 
A  large  crucible  will  give  a  higher  result  than  a  small  one, 
because  the  larger  the  crucible  the  more  air  v/ill  be  present 
and  consquently,  the  more  coke  v/ill  be  burned  and  the  greater 
the  loss  will  be  on  ignition. 

Since  the  burning  takes  place  only  on  the  surface  of 
the  sample,  the  shape  of  the  crucible  would  also  effect 
the  results.  In  a  narrow  crucible  the  loss  due  to  burning 
of  the  carbon  v/ould  be  less  than  in  a  wide  one.  Dr.  Shimer(7) 
puts  a  thin  layer  of  wet  asbestos  paper  between  the  lid 
and  crucible  to  make  a  better  fit.  This  lessens  considerably 
the  quantity  of  carbon  burned. 

It  is  hard  to  find  a  method  suitable  for  all  cokes,  A 
soft  coke  burns  more  readily  than  a  hard  one. 

The  fineness  to  which  a  sample  is  ground  and  the  percentage 
of  ash  in  the  coke  probably  effect  the  results.  The  larger 
the  size  of  the  sample  up  to  a  certain  limit,  the  smaller 
the  loss  by  burning. 

The  authors  conclude  their  article  by  giving    a  method 
that  comes  the  nearest  to  reaching  the  standard.  The  method 
is  as  follows:  After  heating  for  seven  minutes  over  the 
burner  and  blast  lamp,  a  second  heating  is  made  for  the 
same  length  of  time  and  under  the  same  conditions.  The  loss 
by  the  second  heating  gives  an  approximate  value  for  the 
carbon  burned  during  the  first  heating,  Substracting  this 
amount  from  the  first,  the  result  gives  a  value  for  the 
Combustible  Matter  near  that  obtained  when  heated  in  Nitrogen. 

By  actual  experience  it  has  been  found  that  the  Official 


8. 

Method  for  the  determination  of  the  Volatile  Matter  does  not 

give  as  good  results  as  it  should.  Several  experimenters 

have  studied  the  subject  with  the  idea  of  improving  the  method 

if  possible.  The  United  States  Geological  Survey  (8) 

worked  on  the  subject  from  January  1,  1905,  to  July  31,  1906, 

at  the  United  States  Fuel  Testing  Plant  at  St.  Louis,  Mo. 

The  Official  Method  has  been  used  in  that  laboratory  most 
of  the  time,  the  only  modification  being,  that  the  flame 
was  protected  from  air  currents  by  Inclosing  the  apparatus 
in  a  cylinderical  asbestos  shield,  15  centimeters  long  and 
7  centimeters  in  diameter,  the  platinum  triangle  being 
located  3  centimeters  below  the  top  of  the  shield.  The  use 
of  the  shield  gives  more  uniformity  in  the  heat  treatment 
with  a  corresponding  uniformity  of  results. 

Their  work  can  be  summed  up  in  the  following  results: 
That  the  Volatile  Matter  in  coal  is  effected  to  an  important 
degree: 

(1).  By  the  method  of  heating  the  sample, 

{P.).  By  the  fineness  of  the  pulverazation,  and 

(3).  By  the  amount  of  loosely  held  moisture  present. 

The  United  States  Geological  Survey  also  conducted 
experiments  at  their  Pittsburg  and  Washington  laboratories, 
which  were  published  under  the  title,  "Some  variations  in 
the  Official  Method  for  the  determination  of  Volatile  Matter 
in  Coal",  by  Pieldner  and  Davis.  (9)  This  article  is  of 
special  interest,  in  that  it  includes  work  along  the  same 
lines  that  v^e  have  been  v/orking. 

These  experiments  were  conducted  primarily  to  ascertain 
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the  difference  in  the  volatile  matter  produced  from  using 
a  20  centimeter  natural  gas  flame  and  a  20  centimeter  coal 
gas  flame.  After  starting  the  work  it  was  found  desireable 
to  investigate  the  influence  of  other  factors  such  as  gas 
pressure,  type  of  burner,  and  surface  condition  of  the 
crucible,  i.e.  dull  gray  or  polished.  In  order  to  eliminate 
the  influence  of  variation  in  size  and  shape,  three  30  gram 
platinum  crucibles  of  practically  the  same  capacity  and  7:eight 
vrith  closely  fitting  covers  were  used  in  all  the  experiments, 
it  having  been  demonstrated  by  actual  trial  that  each  one 
of  the  three  crucibles  gave  the  same  results. 

As  these  crucibles  had  been  regulary  used  for  volatile 
determinations,  both  the  inner  and  outer  surfaces  had  the 
dull  gray  appearance,  which  platinum  assumes  when  heated 
several  times  in  the  natural  gas  flame.  To  protect  the  flame 
from  the  air  currents,  the  platinum  triangle  supporting 
the  crucible  was  inclosed  in  a  cylindrical  sheet  metal 
shield,  lined  with  asbestos,  ,15  centimeters  long  and  7 
centimeters  in  diameter,  the  platinum  triangle  being  placed 
3  centimeters  below  the  top  of  the  shield  and  the  bottom 
of  the  crucible  was  exactly  8  centimeters  above  the  top  of 
the  burner. 

INFLUENCE  OP  CHANGE  IN  GAS  PRESSURE. 
Coal  gas  can  be  burned  efficiently  at  low  pressures, 
two  or  three  inches  of  water  being  sufficient.  Natural  gas, 
owing  to  the  nuch  larger  proportion  of  air  required,  must 
be  supplied  to  the  burner  at  higher  pressures.  The  following 
table  gives  the  results  obtained  by  varying  the  pressure 
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from  1  to  13  inches  of  v/ater; 

Influence  of  Gas  Pressure  on  Volatile  Matter, 
Natural  gas;  Tyrell  burner:  20  cm.  flame. 

Gas  Press.  per  cent  of  Volatile  Matter.  Temperature. 
in.  water.     Coal  No.l  Coal  No.. 5    Coal  Ho.  6  .,  0  Cf — ^ 


1 

15.4 

15.8 

32.4 

760 

2 

15.2 

16.7 

.... 

. .  • 

3 

14.4 

16.7 

52. Z 

780 

4 

16.3 

.... 

3S.7 

... 

5 

16.7 

16.5 

32.6 

800 

6 

17.2 

16.7 

33.0 

.•  •  • 

8 

16.7 

.  .  • . 

32.7 

•  •  • 

9 

.... 

17.2 

.... 

825 

12 

17. ?> 

16.9 

32.7 

... 

13 

17.1 

17.1 

32.5 

845 

It  can  be  seen  from  the  above  results  that  a  great 
variation  in  the  gas  pressiire  does  not  have  very  much  effect 
on  the  percent  of  Volatile  Matter  obtained.  In  Coal  No.  1. 
there  was  only  a  gain  of  1.7^  and  in  Coal  No,  3.  the  gain 
was  1.3^,  while  in  Coal  No.  6.  there  was  only  a  gain  of  .1%. 
The  increase  in  the  temperature  is  85? 

INFLUENCE  OF  TYPE  OF  BURNER. 

It  is  reasonable  to  suspect  some  lack  of  uniformity  in 
Volatile  results,  where  widely  different  types  of  Bunsen 
burners  are  used.  A  burner  with  a  large  bore  will  give  a 
larger  flame  volume,  with  a  corresponding  increased  heating 
effect.  Determinations  were  made  with  the  following  tjrpes  of 
burners  on  both  natural  and  coal  gas. 

(a)  .  The  simple  Bunsen  burner,  bore  9  mm, 

(b)  .  The  Tyrell  burner,  bore  9  mm. 

(c)  .  The  Fletcher,  No.  5g,  burner,  bore  12  mm. 
The  following  results  were  obtained: 
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Influence  of  different  types  of  burners. 


Per  cent  of  Volatile  Matter 
Coal  No.    Fletcher    Tyrell  Bunsen 

(a) .  Natural  gas. 


Difference. 


Fletcher  and  Fletcher 


Tyrell 


and  Bunsen 


1 

17.2 

17.0 

15.7 

-  0.2 

-  1,5 

2 

17.0 

16.8 

15.9 

-  0.2 

-  1,2 

6 

32.8 

32.6 

32,6 

-  0.2 

-  0.2 

A. 

'^1  ft 

31.3 

31.  6 

-  0,5 

-  0.6 

5 

31.5 

31.5 

. , , , 

-  0,0 

... 

Average 

-  U  ,  <^ 

_    O  Q 

Temp. 

850^ 

850^ 

790^ 

(b).  Coal 

gas. 

(Pittsburg) . 

1 

17.0 

15.7 

16.3 

-  0.3 

-  0,7 

6 

33.0 

32.3 

. .  • . 

-  0.7 

.  • , 

31.7 

31.4 

.... 

-  0.3 

, , , 

Average 

-  0T4 



0 

Temp, 

855 

810^ 

(c).  Carburet ted  water  gas. 

(Washingtc 

1 

18.3 

•  •  •  • 

17.2 

... 

-1,1 

11 

18.6 

•  •  •  • 

17.8 

... 

-0,8 

12 

18.0 

•  •  •  • 

17.7 

... 

-0.3 

10 

18.7 

.... 

18.4 

... 

-0,3 

3 

18.8 

. . , , 

18.5 

... 

-0,3 

2 

18.2 

, ,  • , 

17.6 

... 

-0,3 

Average 

-oTe 

Temp, 


970" 


These  results  show  that  the  amoimt  of  Volatile  Matter 
does  not  depend  on  the  bore  of  the  burner  so  much  as  it 
does  on  the  temperature  that  is  obtainable.  In  the  Tyrell 
and  Bunsen  burners  the  bore  is  the  same,  but  the  variation 
in  the  temperatures  reached  and  the  amount  of  Volatile 
Matter  obtained  are  larger  than  between  the  Fletcher  and 
Tyrell  burners  with  12  mm.  and  9  mm.  respectively. 
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INFLUENCE  OP  COMPOSITION  OF  GAS. 

The  above  results  also  show  the  variations  in  the  amount 

of  Volatile  Matter  obtained  by  using  different  kinds  of  gas. 

The  natural  gas  was  analyzed  and  was  found  to  have  the  follow 

ing  composition: 

Carbon  dioxide  0.1  ^ 

Paraffin  Hydrocarbons  98.8 
Nitrogen  1.1 

100.0  % 


The  coal  gas  analyzed: 

Unsaturated  hydrocarbons  7.5  ^ 


Carbon  dioxide  1.5 

Oxygen  0.2 

Carbon  monoxide  8.9 

Methane  44.8 

Hydrogen  33.7 

Nitrogen  3.4 


100.0  % 

The  following  table  shows  the  variation  in  the 
determination  of  the  Volatile  Matter,  when  using  natural 


gas  or  coal  gas. 

Difference  due  to  using  Natural  or  Coal  Gas. 

Coal  No,           Per  cent  Volatile  Matter.  Difference. 
Coal  gas              Natural  gas 
2.5  in.  Pres.     13  in.  Pres. 

(a)  .  Fletcher  Burner, 

1  17.0                    17.2  0,2 

2  17.1  17.0  -  0.1 
6                        33.0                     32.8  -  0.2 

4  31.5                    31.8  0,3 

5  31.7                     31.5  -  0.2 

Average 

(b)  .  Tyrell  Burner, 

1                       16.7                    17.0  0.3 

6  32.3                     32.6  0.3 

4  31.6                     31.3  -  0.3 

5  31,4                     31.5  0.1 

7  4.5                      4.3  -  0.2 


Average 


0.3 


13. 

In  these  results  the  variations  in  the  Volatile  Matter 
average  zero.  It  should  be  noted,  however,  that  the  natural 
gas  was  supplied  to  a  carefully  regulated  burner  at  13  inches 
pressure.  If  the  comparisons  were  made  at  the  lower  pressures 
usually  found  in  laboratories,  the  results  by  natural  gas 
would  be  decidely  lower. 

It  is  sometime  necessary  to  check  the  results  obtained 
in  one  laboratory  by  determinations  made  in  another.  That 
the  results  obtained  in  different  laboratories  will  differ 
considerably  is  shov/n  in  the  following  table: 

Comparison  of  Results  obtained  in  Different  Laboratories. 

Per  cent  Volatile  Matter 
Pittsburg  Washington. 
Natural  gas.  Ilium,  gas. 


13  in.  Pres. 

2»5  in.  Pres. 

Goal  No. 

Tyre 11  burner. 

Fletcher  burner. 

Difference 

1 

17.0 

18.3 

1.3 

2 

16.8 

18,2 

1.4 

3 

17.0 

18.8 

1.8 

4 

31.3 

32.5 

1.2 

5 

31.5 

32.6 

1.1 

6 

3J?.5 

33.4 

0.8 

7 

4.3 

5,3 

1.1 

10 

.  17.7 

18.7 

1.0 

Temp. 

850° 

970°  Average 

1.2 

Another  factor  that  may  have  contributed  to  the 
difference  in  the  results  is  the  condition  of  the  crucibles, 
polished  or  dull.  They  ran  a  series  of  experiments  to  deter- 
mine this  difference.  The  following  are  the  results: 

Comparison  of  Volatile  Matter  produced  in  the  same 

crucible  before  and  after  polishing. 

Per  cent  Volatile  Matter, 

Coal  No,         Before                 After  Difference 

10                 17,0                    18.1  1.1 

3                 17.0                     18.1  1.1 

6                 32.6                    33.3  0.7 
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These  results  show  that  the  platinum  crucibles  should  be 
kept  in  a  well  polished  condition. 

The  following  are  the  conclusions  that  they  derive  from 
their  work.  Two  laboratories  are  likely  to  vary  2%  in  the 
Volatile  Matter,  both  using  the  Official  Method.  The  per 
cent  of  Volatile  Matter  obtained  from  the  same  sample  varies 
with  the  temperature  and  rate  of  heating.  This  is  not 
sufficiently  defined  by  the  height  of  the  flame.  Temperatures 
rangeing  from  760  to  890  degrees  may  be  obtained  with  a 
20  centimeter  natural  gas  flame,  when  the  pressure  is  varied 
from  1  to  13  inches  of  water;  variations  of  2%  in  the 
Volatile  Matter  are  thus  produced.  Differences  of  type  of, 
and  size  of,  burner  infleuence  the  results  from  0.3  to  1.5 
per  cent.  Polished  crucibles  become  hotter  and  yield  about 
1  per  cent  more  Volatile  Matter  than  dull  gray  ones. 

Laboratories  using  natural  gas  are  apt  to  get  results 
on  Volatile  Matter  that  are  considerably  lower  than  those 
using  coal  gas,  unless  the  following  precautions  are  observed: 

(1)  .  Gas  should  be  supplied  to  the  burners  at  a  pressure 
of  not  less  than  10  inches  of  water. 

(2)  .  Natural  gas  burners  admitting  an  ample  supply  of  air 
should  be  used, 

(3)  .  Gas  and  air  should  be  regulated  so  that  a  flame  with  a 
short,  well  defined  inner  cone  is  produced, 

(4)  .  The  crucibles  should  be  supported  in  a  platinum  triangle 
and  kept  in  a  well  polished  condition. 
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Professor  S,  W.  Parr  of  the  University  of  Illinois  - 
preformed  a  series  of  experiments  in  1904,   in  an  endeavor 
to  find  a  method  of  determining  the  Volatile  Matter,  "by 
using  porcelain  crucibles  in  place  of  Platinum.  He  used  a 
special  blast  lamp  and  furnace  in  heating  the  porcelain 
crucibles.  The  following  table  shows  the  results  of  his 
experiments: 

Determination  of  Volatile  Matter.  Sandoval  Illinois,  Coal 


Highest 

Large  Bunsen  burner,  flame  20  cm.  High.  Lowest 

Variation 

Platinum  crucible,  Time  7  minutes. 


37. SI  % 
35.71 
1.50 


Small  Bunsen  burner,  flame  20  cm.  High  Lowest 

Variation 

Platinum  crucible.  Time  7  minutes. 


Average  of  eight 

36.52  % 

Highest  36.73  % 

55.69 
1.04  % 

Average  of  eight 


Bunsen  flame  3  l/2  minutes,  Blast 
flame  3  l/2  minutes.  Plat,  crucibles. 

Bunsen  flame  3  l/S  minutes.  Blast 
flame  3  l/2  minutes,  Porcelain  crucible 
in  special  furnace. 


Highest 

Lowest 

Variation 

Average  of 


Highest 

Lowest 

Variation 


Average  of 


36.13  % 

37.78  % 
36.55 
1.25  % 

fourteen 
37.13  % 

37.55  fo 
36.69 
.66  % 

nine 

37.10  % 


These  results  show  that  more  Volatile  Matter  is  obtained 
with  a  large  Bunsen  burner  than  with  a  small  one.  The  results 
obtained  with  the  Porcelain  crucibles  are  more  concordant 
than  those  obtained  with  the  platinum,  due  probably  to  the 
slower  heating  of  the  sample. 
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EXPERIMENTAL  WORK  AND  DATA. 
The  object  of  this  work  was  to  formulate,  if  possible, 
an  accurate  method  for  the  determination  of  the  Volatile 
Matter  in  coal,  using  porcelain  crucibles.  Platinum  crucibles 
are  expensive  and  require  considerable  care  to  keep  them 
in  the  best  condition.  In  order  to  have  a  standard,  by 
which  to  compare  the  results  obtained,  a  large  number  of 
Volatile  Matter  determinations  were  made,  using  the  Official 
Method.  In  these  determinations  it  was  found,  as  other 
experimenters  have  found,  that  it  was  impossible  to  get 
checks  closer  than         to  .4^,  while  they  often  varied 
as  much  as  2%.  It  was  possible  to  get  checks  fairly  close 
for  one  day's  work,  but  the  next  day's  work,  while  agreeing 
with  each  other,  would  not  agree  with  the  proceeding  day's 
work.  There  are  several  suggested  explanations  for  this 
variation  ; 

(1)  .  It  may  be  due  to  the  variation  in  the  gas  pressure, 

(2)  .  It  may  be  due  to  the  kind  of  burner  used. 

(3)  .  It  may  be  due  to  the  oxidation  of  the  coal, 

INFLUENCE  OP  CHANGE  IN  GAS  PRESSURE, 
At  one  time  we  thought  that  the  variation  was  due  to 
the  variation  in  the  gas  pressure.  Anyone  who  has  had 
occasion  to  use  a  burner  almost  continually  for  a  day  in 
a  large  laboratory,  will  have  noticed  that  the  gas  pressure 
varies  appreciably.  Early  in  the  morning  and  late  in  the 
afternoon,  the  pressure  is  much  higher  than  in  the  busy 
part  of  the  day.  To  determine,  if  possible,  whether  this 
variation  was  sufficient  to  account  for  the  variation  in 


17. 

the  results,  an  apparatus  for  measuring  the  gas  pressure 

was  put  into  the  gas  circuit.  This  apparatus  measured  the 

gas  pressure  in  milimeters.  The  pressure  varied  so  much 

during  a  determination,  that  it  was  impossible  to  read 

the  pressure  accurately.  To  do  away  with  this  fault,  an 

equalizer  was  also  put  into  the  circuit,  which  made  it 

possible  to  keep  the  gas  pressure  constant  and  to  vary  it 

at  will.  The  following  are  some  of  the  results  obtained: 

Influence  of  Gas  Pressure  on  the  Volatile  Matter, 
Illuminating  gas.  20  cm.  flame.  No.  S.  Burner. 

Coal  No. 
30  70 A 

2902 


From  these  results  it  is  seen  that  the  variation  in  zi 
results  cannot  be  due  entirely  to  the  difference  in  the 
gas  pressure.  The  difference  in  the  amount  of  pressure  is 
hardly  large  enough  to  give  such  large  variations  as  are 
sometimes  obtained.  By  comparing  the  above  results  with 
those  obtained  by  Pieldner  and  Davis  (9),  it  is  seen  that 
they  obtained  very  little  variation  for  so  small  a 
difference  in  pressure. 

INFLUENCE  OF  TYPE  0£  BURNER. 

The  next  variable  that  might  enter  into  the  determin- 
ation of  the  Volatile  Matter,  is  the  infleuence  of 


Pressure  Volatile  Matter, 

in.  water  per  cent 

2.68  35.46 

3.27  34,99 

3.27  35.45 

3 , 78  34 . 84 

1.97  33.31 

2,64  33.10 

2,84  33.76 

2.84  33.27 

3.19  34.32 

3.39  33.75 
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different  types  of  burners.  Determinations  were  made  with 
the  following  types  of  burners: 

No,  1.  Small  burner.  Bore  9  mm,  length  of  stem  10.5  cm. 

The  gas  can  be  regulated  only  at  the  tap.  The  air 

is  regulated  at  the  burner. 
No,  2,  Small  burner.  Bore  9  mm.  length  of  stem  10  cm. 

Gas  and  air  both  are  regulated  at  the  burner. 

No.  3.  Large  burner.  Bore  11  mm.  length  of  stem  14  cm. 

Gas  and  air  both  are  regulated  at  the  burner. 

Influence  of  different  types  of  burners. 
Platinum  triangles  and  crucibles. 

Coal  No.      Burner       Burner  Biirner 
No.  1.      No.  2.        No.  3. 

3071A  38.13  39.31  39.60 

2192  32.85  33.64  33.73 

4130  38.02  36.98  37.12 

2952  32.89  33.37  33.71 

Pieldner  and  Davis  (9)  got  results  that  compare  very 

favorably  with  these.  It  can  be  seen  that  the  type  of 

burner  does  have  some  effect  on  the  determination  of  the 

Volatile  Matter,  This  variation  does  not  account  for  the 

variations  we  get,  however,  for  we  have  used  the  same 

type  of  burner  (No.  2.)  throughout.  The  variation  would 

enter  in,  in  the  determination  of  the  Volatile  Matter  at 

different  laboratories.  The  Official  Method  should  specify 

the  type  of  burner  to  use,  to  make  the  method  more  nearly 

uniform, 

INFLUEITCB  OF  TYPES  OF  TRIANGLES. 
The  Official  Method  specifies  that  a  platinum  triangle 
should  be  used.  To  see  what  effect  the  material  of  the 
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triangle  has  on  the  results,  determinations  were  made 
using  the  following  triangles: 

(1)  .  Platinum.  The  Platinum  wire  was  fastened  permanently 
to  an  iron  ring  of  a  ring  stand. 

(2)  .  Nichrome.  The  triangle  is  made  of  square  nichrorae  wire. 

(3)  .  Porcelain.  The  common  pipestem,  raised  center  type. 

The  results  obtained  are  as  folloT^-s: 

Influence  of  different  types  of  triangles. 
Platinum  crucihles.  Burner  ^o,2.  20  cm.  flame. 

Coal       Platinum         Nichrome  Porcelain 
No.        %  Vol.  Mat.     %  Vol.  Mat.       %  Vol.  Mat. 

3071A  39.31  39.43  38.47 

S192  33.69  33.84  33.02 

4130  36.98  37.10  36.20 

1952  33.37  33.45  32.55 

The  platinum  and  nichrome  wire  triangles  give  practically 

the  same  results,  while  the  porcelain  triangles  give  lower 

results.  This  is  due  to  the  fact  that  the  porcelain  triangle 

deflects  more  of  the  heat  away  from  the  crucible.  It  has 

been  stated  that  the  platinum  crucible  and  nichrome  triangle 

fuse  together  at  high  temperatures.  Our  work  does  not  show 

this,  although  there  is  a  slight  sticking  of  the  two  after 

a  determination, 

MECHANICAL  LOSS. 
Another  solution  for  the  variation  in  the  results, 
might  be  that  it  is  due  to  mechanical  loss,  during  heating. 
To  test  this  point,  the  sample  was  heated  over  a  small 
flame  for  fiv3  minutes,  the  flame  just  touching  the  crucible, 
and  then  over  the  regular  twenty  centimeter  flame  for 
seven  minutes.  The  results  obtained  do  not  agree  very  well. 
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Some  of  the  results  follow: 

Influence  of  heating  for  five  minutes  over 
a  small  flame  and  seven  minutes  over 
a  20  era.  flame.  Platinum  crucible  and 
triangle.  No.  2.  burner.  Coal  No.  2902. 

Per  cent  Volatile  Matter, 

31.24 
32.41 
33.15 
34.97 
34.06 

32.32  .  ' 

33.75 

33.14 

33.07 

33.54 

33.85 

33.16 

32.80 

33.65 


33.25 

INFLUENCE  OF  ADDING  VOLATILE  SUBSTANCES. 
In  heating  the  coal  in  this  way,  there  is  a  chance  for 
the  carbon  to  be  oxidized.  We  tried  putting  in  a  substance 
that  would  volatilize  and  drive  out  the  air,  thus  doing 
away  with  the  oxidation.  For  this  purpose,  alcohol  and 
carbon  tetrachloride  were  used.  The  crucible  was  heated 
over  a  low  flame  for  ten  minutes,  over  a  larger  one  for 
five  minutes,  and  over  the  regulation  flame  for  seven 
minutes.  The  alcohol  was  soon  discarded,  as  it  caught 
fire  too  easily  and  there  was  danger  of  mechanical  loss. 
The  results  with  the  carbon  tetrachloride  did  not  come 
up  to  expectations.  The  results  follow: 
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Effect  of  adding  carbon  tetrachloride  and  heating 
sample  of  one  gram  for  ten  minutes  over  a 
small  flame,  five  minutes  over  a  larger,  and 
seven  minutes  over  the  20  cm.  flame.  Platinum 
crucible  and  triangle.  No,  2,  Burner, 
Coal  No.  2902. 

Per  cent  Volatile  Matter. 

28.23 
28.44 
27.76 
32.50 


28.14 

A  series  of  experiments  were  made  in  which  the  coal 

was  treated  with  carbon  tetrachloride  and  heated  for 

five  minutes  over  a  small  flame,  five  minutes  over  a 

larger  flame,  and  seven  minutes  over  the  regulation  flame. 

The  results  follow: 

Effect  of  adding  carbon  tetrachloride  and  heating 
sample  for  five  minutes  over  small  flame,  five 
minutes  over  a  larger  ,  and  seven  minutes  over 
the  20  cm.  flame.  Platinum  crucible  and  triangle. 
No.  2.  Burner.  Coal  No.  2902. 

Per  cent  Volatile  Matter. 
30.77 
30 . 64 
31.10 
30.02 
31.40 


30.78 

It  will  be  noticed  that  there  is  a  difference  of  2  $ 
in  these  results,  the  methods  differing  only  in  the  heating 
of  one  set  five  minutes  longer  over  the  low  flame  than  the 
other.  The  difference  may  be  due  to  oxidation  by  too  long 
heating  in  the  first  case,  or  by  the  expulsion  of  carbon 
by  too  rapid  heating  in  the  latter  case. 
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INFLUENCE  OP  LARGER  SAMPLE. 
We  tried  using  a  five  gram  sample  instead  of  one  gram, 
thus  distributing  the  error  over  a  larger  amount.  The 
following  results  were  obtained; 

Volatile  matter  obtained  by  using  a  five  gram 
sample,  and  heating  ten  minutes.  Platinum 
crucible  and  triangle.  No.  2.  Burner.  20  cm. 
flame.  Coal  No,  2902. 

Per  cent  Volatile  Matter. 

32.62 
32.19 
32.80 
32.25 
31.97 

32.26 

These  results  are  lower  than  when  using  one  gram  and 
heating  for  seven  minutes.  The  result  obtained  then  is 
33,31  fo. 

SUBSTITUTION  OF  PORCELAIN  FOR  PLATINUM  CRUCIBLES. 
Despairing  of  finding  a  modification  of  the  Official 
Method,  which  would  give  accurate  results,  we  turned  our 
attention  to  porcelain  triangles.  The  crucibles  used  were 
3.7  centimeters  high  and  2.9  centimeters  in  diameter  at 
the  top.  A  five  gram  sample  was  heated  on  a  porcelain 
triangle,  by  two  Bunsen  burners,  so  arranged,  that  the  flame 
hit  the  upper  part  of  the  crucible,  for  five  minutes,  and 
then  over  a  blast  lamp  for  seven  minutes.  An  inverted 
assay  crucible,  with  the  bottom  ground  off,  was  put  over 
the  crucible  during  the  heating  with  the  blast.  The  blast 
lamp  used  in  these  experiments  is  one  that  has  been  used 
in  this  laboratory  for  several  years.  It  consists  essentially 
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of  a  Bunsen  burner  with  the  "blast  entering  at  the  usual 

inlet  for  the  gas,  and  the  gas  entering  through  a  side 

tube  attached  where  the  air  is  ordinarily  admitted.  The 

air  is  discharged  through  a  tip  with  circular  opening 

1  1/2  mm,  in  diameter,  and  is  so  adjusted  as  to  come  about 

even  with  the  lower  side  of  the  gas  inlet  tube,  A  wire 

gauze  is  inserted  in  the  tube  about  2/3  of  the  way  towards 

the  top.  The  lamp  is  especially  adapted  for  use  with  blast 

of  constant  pressure.  By  adjustment  of  the  air  it  may  be 

made  to  burn  with  a  common  Bunsen  flame.  The  results 

obtained  are  as  follows: 

Volatile  Matter  obtained  by  using  a  five  gram 
sample.  Porcelain  crucible  and  triangle.  Five 
minutes  preheating  and  seven  minutes  over  blast. 
Coal  No.  2902. 

Per  cent  Volatile  Matter. 

28.53 
27.29 
28.49 
29.14 

28.38 

The  method  was  tried  of  heating  a  five  gram  sample  for 
ten  minutes  with  the  two  Bunsen  burners  at  the  top  of  the 
crucible  and  seven  minutes  with  the  blast.  The  results  are 
as  follows: 
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Volatile  Matter  obtained  by  using  a  five  gram 
sample.  Porcelain  crucible  and  triangle.  Ten 
minutes  preheating  and  seven  minutes  over 
blast.  Coal  No,  2902. 

Per  cent  Volatile  Matter, 

28.48 
28,55 
28.68 
28.93 
29,12 
28.62 
28.35 
28.81 


28.69 

The  per  cent  of  Volatile  Matter  obtained  by  these  methods 

is  considerable  lower  than  by  the  Official  Method,  We 

substituted  other  blast  lamps  of  the  same  type,  but  which 

gave  a  better  mixture  of  the  air  and  gas.  Results  obtained 

with  these  blasts,  other  conditions  being  the  same  as  in 

the  above  determinations,  are  given  below: 

Volatile  Matter  obtained  by  using  a  five  gram 
sample.  Porcelain  crucibles  and  triangles. 
Ten  minutes  preheating  and  seven  minutes  over 
blast.  Better  blast.  Coal  No.  2902. 

30.69 
29.86 
29.87 
30.06 
30,12 
29,47 
29.65 
29.79 


29.94 

This  increase  in  the  per  cent  of  Volatile  Matter  shows 
that  the  results  depend  considerably  on  the  intensity  of 
the  blast  flame, 

VARIATION  OP  THE  SIZB  OF  JHE  SAMPLE. 

Determinations  were  made  using  one,  two, four,  and  five 
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gram  samples,  and  heating  them  over  a  small  flame  for  five 
minutes  and  over  the  blast  for  five  minutes.  The  results 
follow: 

Volatile  Matter  obtained  by  using  different  size 
samples.  Porcelain  crucibles,  Nichrome  triangles. 
Five  minutes  preheating  and  five  minutes  over 
blast.  Coal  No.  2902. 

Per  cent  Volatile  Matter. 

One  gram       Two  grams.        Pour  grams.        Five  grams. 

29.37  28.94  28.66  27.93 

30.36  30.03  29.38  28.30 

30.33  29.89  29.13  28.11 

29.96  28.73  29.47 

29.55  29.09 

30.04  29.16 

29.96  28.83 
28.95 


29.94  29.19  29.16  28.11 

As  can  be  seen  in  all  these  determinations  the  preheat- 
-ing  of  the  coal  by  a  small  flame  gives  low  results.  Since 
the  object  of  the  slow  heating  is  to  avoid  mechanical  loss, 
any  other  means,  which  will  accomplish  this,  is  allowable. 
By  adding  a  liquid,  the  coal  is  moistened  and  it  will  not 
fly  out  of  the  crucible  as  easily  as  the  dry  coal.  This 
liquid  must  be  one  that  is  completely  volatile  at  the  temp- 
erature used.  The  substance  not  only  holds  the  coal  in 
the  crucible,  but,  upon  volatilizing,  it  drives  out  the 
air,  thus  reducing  the  oxidation  to  a  minimum,  Kerosine 
was  found  to  be  the  best  substance  to  use.  In  order  to  have 
the  method  agree  as  near  as  possible  v/ith  the  Official 
Method,  a  one  gram  sample  was  used  and  the  crucible  was 
heated  for  seven  minutes. 
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DESCRIPTION  OP  THE  MODIFIED  METHOD. 
The  method  as  finally  decided  on  is  as  follows:  A  one 
gram  sample  of  coal  Is  placed  in  a  porcelain  crucitle, 
3.7  centimeters  high  and  2.9  centimeters  in  diameter  at  the 
top,  and  moistened  with  ten  drops  of  l^erosine.  The  crucible 
is  supported  by  a  nichrome  wire  triangle.  The  blast  lamp 
described  above  is  used,  the  crucible  being  placed  so  that 
the  tip  of  the  inner  cone  of  the  flame  is  just  below  the 
bottom  of  the  crucible.  An  inverted  assay  crucible,  with 
the  bottom  ground  off,  is  placed  over  the  crucible.  This 
concentrates  the  heat  on  the  crucible  and  makes  the  heat 
more  uniform.  The  heating  is  continued  for  seven  minutes, 
at  the  end  of  which  time,  the  crucible  should  be  white 
hot.  The  results  obtained  on  each  coal  agree  very  well. 
They  are  compared  with  the  results  obtained  on  the  same 
coals  by  the  Official  Method  in  the  following  table:  M.M, 
is  the  above  described  method  and  0,M,  is  the  Official 
Method, 

Comparison  of  the  Official  Method  and  the 
Modified  Method, 

Per  cent  Volatile  Matter, 


Coal  No.  2902,         Coal  No.  4085.          Coal  No,  4035. 


M.M. 

O.M. 

M.M. 

O.M, 

M.M. 

42.71 
42.60 
42.56 
42.20 

O.M. 

32.03 
32.08 
32.15 
32.19 

31.36 
32.42 
30.72 

37.71 
37.66 
37.38 
37.62 

36.54 
36.66 
36.56 

41.81 
42.15 
42.64 

p.......  32.11 

-  31.50 

37.60  ^ 

36.58 

42.52 

42.20 

s/^^vvc  i-'       3  2..  OV 

J  2. ,  S'  X 

1.7  ^ 
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Comparison  of  the  Official  Method  and  the 
Modified  Method.  Cont. 

Per  cent  Volatile  Matter. 


Coal 
M.M. 

No.  2952 
O.M. 

Coal 
M.M. 

No.  41«$0 
O.M. 

Lioaj. 
M.M. 

wo.  «iW<i'* 

O.M. 

33.42 
33.12 

33.10 

33.41 
33.10 
33.12 

38.10 
38.45 
38.46 

-36.98 

36.76 
37.00 
37.18 

4.23 
4.44 
4.87 

4.63 
4.34 
4,58 

33.34 

33.37 

38.49 

36.98 

4.51 

4T52 

Coal 
M.M. 

No.  2192. 
O.M, 

Coal 
M.M. 

No.  2801. 
O.M. 

34.24 
34.27 
34.50 
34.62 

6.56 
6.45 
6.59 
6.84 

6.79 
,  6.20 
6.29 

34.69 

6.61 

6.42 

The  results  obtained  by  the  Modified  Method  agree  with 
each  other  better  than  those  obtained  by  the  Official 
Method.  They  are  equal  to,  or  a  little  higher  than  those 
by  the  Official  Method. 

DIFFBRENOB  DUE  TO  MECHANICAL  LOSS. 

Some  of  this  difference  is  due  to  mechanical  loss  in 
the  Official  Method  determinations.  The  loss  can  be 
determined  by  finding  the  amount  of  ash  by  the  Official 
Methods  and  comparing  it  with  the  ash  found  in  the  residue 
from  the  Volatile  Matter  determinations  by  the  two  methods 
The  comparison  is  found  in  the  following  table: 


28. 

Comparison  of  ash  values. 

Coal  Coal  Coal  Coal  Coal 
2902      4085      4035       2952  2801 

CM.  Ash  Determ.  10.12  23.58  9,44  16.95  17.12 
From  O.M.  Vol.  Mat.  9.75  23.70  9.31  16.92  16.89 
Prom  M.M.  Vol.  Mat.         10.07     23.50      9.40  16.96   

It  is  questionable  whether  the  amount  of  ash  found  by 
the  Official  Method  can  be  compared  ^vith  that  found  from  the 
residues  of  the  Volatile  Matter  determinations.  In  the 
first  case  the  coal  is  heated  up  slowly  and  in  the-  latter 
case  it  is  heated  fast.  There  is  a  possibility  that  the 
ash  forming  materials  are  broken  up  in  different  ways  by 
the  two  methods  of  heating.  Hovrever,  this  would  not  influence 
the  percent  of  ash  from  the  two  Volatile  Matter  determinations 
and  there  probably  is  only  a  slight  error  in  the  Official 
Method  ash  determination.  It  is  seen  by  the  table,  that  the 
ash  from  the  Modified  Method  Volatile  Matter  determination 
agrees  very  well  with  the  Official  Method  ash  determination, 
v/hile,  where  any  divergence  occurs,  that  from  the  Official 
Method  Volatile  Matter  determination  is  less,  shov.dng  that 
there  is  a  mechanical  loss  by  the  Official  Method. 

COMPARISON  OP  THE  FIXSD  CARBON  OBTAINED  BY  THE  TITO  METHODS . 

The  amount  of  Pixed  Carbon  in  a  coal,  vrhich  is  the 
amount  left  after  the  Volatile  Matter  and  Ash  have  been 
taken  out,  is  often  desired,  when  determining  the  heating 
value  of  the  coal.  A  comparison  of  the  variations  in  the 
amount  of  Pixed  Carbon  obtained  by  the  two  methods,  v/ill 
show  the  relative  merits  of  each.  The  following  table, 
while  comparing  the  amounts  of  Pixed  Carbon  obtained  by 
the  two  methods,  also  summarizes  our  results  on  the  four  coals. 
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Comparison  of  the  Fixed  Carbon  obtainod  by  the  Official 
Method  and  the  Modified  Method. 

Coal  No.  S902. 

Modified  Method  Official  Method. 

Vol.  Mat.     Ash       Fixed  Carbon.      Vol.  Mat.      Ash       Fixed  C. 

3P..93  10.16  57.81                    31.35  9.82  58.82 

32.08  10.10  57.82                   32.42  9.58  58.00 

32.15  10.10  57.75                   30.72  9.86  59.42 

52.19  9 . 94  57.87  '    

Tie             .22             .12  Variation  1.70  .28  1.42 

Coal  No.  4085. 

37.71          23.32          38.97                   35.54  23.79  39.67 

37.56          23.45          38.89                   36.64  23.52  39.84 

37.38          23.93          38.69                    36.55  23.79  39.65 

37.62          23 . 63          38.75                   __  '  

.33              .61              .28  Variation     .12  .27  .19 

Coal  No.  4035. 

42.71            9,39          47.90  41.81  9.57  48.62 

42.60            9.43          47.97  42.15  9.29  48.56 

42.56            9.48          47.96  42.64  9.06  48.36 

.15              .09              .07  Variation     .66  .49  .32 

Coal  No.  2952. 

33.42  15.97  49.61  33.91  16.70  49.39 

33.12  17.01  49.87  33.10  17.09  49.81 

33.70  15.77  49.53  33.12  16.98  49.90 

33.10  17.07  49.83  '  __  ■ 

.60  .30  .34  Variation     .81  .39  .51 

The  results  for  the  Fixed  Carbon  obtained  by  the  Modified 
Method  are  much  more  concordant  than  those  obtained  by  the 
Official  Method.  This  seems  to  be  due,  to  the  fact,  that 
in  the  Modified  Method,  there  is  less  loss  of  Carbon  by 
mechanical  means  and  a  more  nearly  accurate  result  is 
obtained  for  the  Volatile  Matter.  It  should  be  noted, 
however,  that  the  variation  in  the  Fixed  Carbon  is  greater 
in  the  coals  having  a  small  per  cent  of  ash,  as  shov/n  by 
Coal  No.  2902  and  Coal  No.  4035.  The  Volatile  Matter  is 
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contained  in  the  Carbon  part  of  the  coal.  The  more  ash  there 
is  in  the  coal,  the  more  carbon  surface  will  be  exposed, 
thus  giving  the  Volatile  Matter  more  chance  to  be  driven 
out.  This  would  make  the  results  obtained  for  the  Volatile 
Matter  more  concordant,  as  the  determinations  tend  to  show, 

CONCLUSION. 

As  has  been  mentioned,  the  percent  of  Volatile  Matter 
obtained  by  the  Modified  Method  is  higher  than  that 
obtained  by  the  Official  Method.  This  fact,  together  with 
the  more  concordant  results  obtained  for  the  Fixed  Carbon 
by  the  Modified  Method,  leads  us  to  believe  that  the 
Official  Method  does  not  drive  out  all  of  the  Volatile 
Matter,  and  that  the  Modified  Method  does.  It  is  not  to  be 
expected,  that  the  Volatile  Matter  escapes  from  each  sample 
with  exactly  the  same  speed,  up  to  the  time  v/hen  it  is  all 
driven  out.  Therefore,  if  we  should  stop  the  determination 
any  time  before  the  Volatile  Matter  had  practically  all 
been  driven  out,  we  would  not  expect  our  results  to  agree 
very  well.  This  is  probably  one  of  the  sources  of  variation 
in  the  Official  Method,  as  the  widely  varying  results  tend 
to  show.  On  the  other  hand,  if  we  stop  our  determination^ 
when  practically  all  the  Volatile  Matter  has  been  driven  out, 
we  would  expect  to  obtain  more  concordant  results.  These 
are  obtained  with  the  Modified  Method,  leading  us  to  believe 
that  the  amount  of  Volatile  Matter  in  a  coal  is  more 
accurately  obtained  by  this  method  than  by  the  Official 
Method, 
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Oior  work  can  be  summarized  as  follows: 
(a).     The  results  obtained  for  the  Volatile  Matter  by  the 
Official  Method  are  affected; 

(1).  By  the  gas  pressure.  A  high  gas  pressure  would  give  a 
higher  temperature,  and,  since  the  amount  of  Volatile  Matter 
obtained  is  proportional  to  the  temperature  used,  we  would 
expect  higher  results  with  a  higher  pressure.  The  experiments 
tend  to  show,  however,  that  the  variation  in  the  gas 
pressure  in  any  laboratory  is  not  large  enough  to  influence 
the  results  appreciably. 

{2).  By  the  type  of  burner.  The  temperature  obtained  by  a 
burner  depends  on  the  proper  mixture  of  the  air  and  gas. 
B-urner  No,  2  has  the  same  bore  and  uses  the  same  gas 
pressure  as  Burner  No.  1,  but  due  to  the  better  mixture  of 
the  gas  and  air  it  gives  higher  results.  The  difference 
between  results  obtained  by  Burner  No.  3  and  Burner  No.  2 
is  due  to  the  larger  bore  of  the  former  and  equals  about 

As  stated  above  the  Official  Method  should  specify 
the  type  of  burner  to  use,  to  make  the  method  more  nearly 
uniform, 

C3),  By  the  type  of  triangle.  The  Official  Method  specifies 
that  platinum  triangles  should  be  used.  In  our  experiments 
it  has  been  shown  that  porcelain  triangles  should  never  be 
used,  the  variation  amounting  to  about  ,8  %.  The  difference 
between  nichrome  triangles  and  platinum  triangles,  averaging 
•1  %,   is  small  when  compared  to  the  variations  that  usually 
occur  in  Official  Method  determinations,  so  that,  niclirome 
triangles  could  be  substituted  for  platinum  triangles 
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without  causing  much  of  an  error, 

(B)  .    The  addition  of  kerosine  to  the  sample  increases  the 
uniformity  of  the  results.  This  seems  to  he  due  to  a  decrease 
in  the  amount  of  coal  lost  "by  mechanical  means,  and  to  a 
reduction  in  the  oxidation  of  the  coal.  The  mechanical  loss 
is  kept  down  by  the  kerosine  keeping  the  coal  from  sintering 
together,  thus  giving  less  restriction  to  the  escaping 
gases,  and  reducing  the  explosions  of  the  gas  to  a  minimum, 

(C)  .  Porcelain  crucibles  and  nichrome  triangles  can  be 
substituted  for  platinum  crucibles  and  triangles,  if  the 
method  outlined  in  this  article  is  followed.  The  thicker 
walls  of  non-conducting  material  favor  the  slov;er  rise  in 
temperature  of  the  powdered  mass  and  hence,  a  less  tendency 
towards  producing  a  mechanical  loss.  Provision  must  be  made, 
however,  for  carrying  the  final  temperature  up  to  a  point 
where  a  practically  complete  elimination  of  all  the  Volatile 
Matter  is  secured.  This  temperature  is  obtained  by  the  use 
of  the  blast  lamp  described  above. 
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